**Core tip:** This study investigated the diagnostic value of combined acoustic radiation force impulse (ARFI) imaging, serological indicators and contrast-enhanced ultrasound in differentiating between benign and malignant liver lesions. The results showed that the diagnostic performance of combined ARFI, alpha-fetoprotein (AFP) and contrast-enhanced ultrasound in distinguishing between benign and malignant liver lesions was higher than the use of any single parameter or the combination of any two of parameters. It is expected that this would provide a tool for the differential diagnosis of benign and malignant liver lesions.

INTRODUCTION
============

The gold standard for diagnosis of benign and malignant liver lesions is pathological examination. However, due to its invasive nature and the potential presence of infection, bleeding and other risks, pathological examination is only conducted in patients highly suspected of having malignant liver tumors. In addition, pathological diagnosis has many contraindications and is applicable in only a narrow range of patients. Thus, it is difficult to implement pathological diagnosis as a routine examination. For both benign and malignant liver lesions, detection of serological indicators and contrast-enhanced ultrasonography (CEUS) are routinely performed. Serological indicators alone often have a lower sensitivity and specificity than CEUS and acoustic radiation force impulse (ARFI) imaging. However, for small hepatocellular carcinoma, alpha-fetoprotein (AFP) is the most sensitive indicator\[[@B1],[@B2]\]. Although CEUS is a mature examination method, its diagnostic accuracy may be affected by lesion depth, blood flow velocity and respiratory movement, which makes it not suitable for some lesions and patients\[[@B3]-[@B9]\]. ARFI imaging is simple and highly accepted by patients, and it can quantitatively assess the change in tissue hardness. However, it is vulnerable to biliary and intrahepatic vascular effects\[[@B10]-[@B17]\]. Although these three kinds of examinations have certain value in identifying benign and malignant lesions, each has its limitations. At present, the diagnostic accuracy of the combination of these three kinds of examinations in identifying benign and malignant liver lesions remains unknown, although the combined diagnosis has been widely used for other diseases. In the present study, by constructing receiver operating characteristic (ROC) curves, we compared the diagnostic accuracy of ARFI imaging, serological indexes and CEUS, alone or in different combinations, in identifying benign and malignant liver lesions, with an aim to provide a reliable tool for the differential diagnosis of benign and malignant liver lesions.

MATERIALS AND METHODS
=====================

Study subjects
--------------

A total of 43 patients with 112 liver lesions treated at our hospital from May 2016 to February 2017 were included in this study. Among these patients, 21 were male and 22 were female. The lesion size ranged from 8 mm × 7 mm to 123 mm × 100 mm. The exclusion criteria were: (1) patients in whom shear wave velocity (SWV) values could not be acquired during ARFI imaging; (2) patients who could not tolerate the ultrasound contrast agent or critically ill patients; (3) patients with completely liquefied cystic tumors; and (4) patients with contraindications to liver puncture biopsy. The study was approved by the Ethics Committee of Shanghai Yangpu District East Hospital, and informed consent was obtained from all patients.

Instruments and methods
-----------------------

**ARFI imaging:** A Siemens Acuson S3000 color Doppler ultrasound system with a 6C-1HD convex array probe (center frequency, 4.0 MHz) was used. First, a whole liver scan was performed using conventional ultrasound to observe the nature of the lesion. Then, this was switched to ARFI mode to avoid biliary ducts within the liver, blood vessels and liquid necrosis. Patients were instructed to completely hold their breath during the examination. Then, SWV measurement was initiated while keeping the probe stationary. This was repeated for 3 to 6 times at the lesion center, and repeated for 3 to 5 times at the periphery of the lesion, with average SWV value calculated.

**CEUS:** CEUS was performed with the same system for ARFI imaging in the contrast mode, with the mechanical index adjusted to the appropriate state. SonoVue suspension (2.0 mL) was administered by bolus injection *via* the elbow vain, followed by rapid injection of 5 mL of normal saline. The patient was breathing steadily throughout the procedure. After imaging, the records were exported. Then, analysis software was use to plot the time intensity curve of the lesion and obtain the initial time, peak time, initial strength, peak intensity and 180-s echo intensity of the lesion. Subsequently, peak acceleration time, intensity increment, enhancement rate, and 180-s dissipation rate were calculated.

**Serological examination:** An automatic biochemical analyzer was used for the quantitative analysis of the following serological indicators: AFP, serum fucosidase (AFU), alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltranspeptidase (GGT), and alkaline phosphatase (ALP).

Statistical analysis
--------------------

SPSS 17.0 statistical software was used for statistical analyses. Measurement data are presented as mean ± SD. Comparison of data between groups was performed using two independent samples *t*-test. Indicators with statistically significant differences were used to construct the ROC curves to calculate the area under the curve (AUC), in order to investigate the diagnostic accuracy. Diagnostic accuracy was compared between different combinations to determine the value of combined diagnosis in identifying benign and malignant liver lesions.

RESULTS
=======

Pathological results
--------------------

Pathological or radiological diagnosis confirmed 78 cases of malignant tumors and 34 cases of benign tumors. Among these cases, 18 were primary liver cancer, 60 were metastatic cancer, 16 were hemangiomas, 11 were liver cysts, 5 were adenomas, and 2 were focal nodular hyperplasia.

Comparison of SWV values between malignant and benign tumor groups
------------------------------------------------------------------

SWV values were significantly higher in the malignant tumor group (2.39 ± 1.20 m/s, a typical image is shown in Figure [1A](#F1){ref-type="fig"}) than in the benign tumor group (1.50 ± 0.49 m/s, a typical image is shown in Figure [1B](#F1){ref-type="fig"}) (*P* \< 0.05; Figure [2](#F2){ref-type="fig"}).

![Acoustic radiation force impulse imaging of a liver tumor. A: Acoustic radiation force impulse (ARFI) detection of a malignant liver tumor \[shear wave velocity (SWV) = 3.39 m/s\]; B: ARFI detection of a benign liver tumor (SWV = 0.69 m/s).](WJG-23-5602-g001){#F1}

![Shear wave velocity values of the malignant and benign tumor groups. The shear wave velocity of malignant tumors was 2.39 ± 1.20 m/s, while that of benign tumors was 1.50 ± 0.49 m/s.](WJG-23-5602-g002){#F2}

Comparison of serological indicators between malignant and benign tumor groups
------------------------------------------------------------------------------

AFP level was significantly higher in the malignant tumor group than in the benign tumor group (*P* \< 0.05), while the differences in AFU, ALT, AST, GGT and ALP levels were not statistically significant (*P* \> 0.05) (Table [1](#T1){ref-type="table"}).

###### 

Comparison of serological indicators between the malignant and benign tumor groups

                          **AFP (ng/mL)**   **AFU (U/L)**   **ALT (U/L)**   **AST (U/L)**   **GGT (U/L)**   **ALP (U/L)**
  ----------------------- ----------------- --------------- --------------- --------------- --------------- ----------------
  Malignant tumor group   18.02 ± 5.01      29.74 ± 14.22   39.01 ± 3.60    46.92 ± 12.11   62.40 ± 27.30   139.40 ± 85.90
  Benign tumor group      15.96 ± 4.33      25.61 ± 13.11   37.90 ± 4.33    44.40 ± 11.60   54.90 ± 22.30   117.99 ± 57.30
  *t*-value               2.081             1.446           1.705           1.409           1.409           1.328
  *P* value               0.04              0.151           0.09            0.162           0.162           0.187

AFP: Alpha-fetoprotein; AFU: Serum fucosidase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: Glutamyltranspeptidase.

Comparison of CEUS indicators between malignant and benign tumor groups
-----------------------------------------------------------------------

CEUS enhancement rate was significantly higher in the malignant tumor group than in the benign tumor group (a typical image is shown in Figure [3A](#F3){ref-type="fig"} and B) (*P* \< 0.05), while the differences in start time, initial strength, peak time, peak intensity, 180-second echo intensity, peak acceleration time, strength increment, and rate of regression were not statistically significant (*P* \> 0.05) (Table [2](#T2){ref-type="table"}).

###### 

Comparison of contrast-enhanced ultrasound parameters in the malignant and benign tumor groups

                          **Start time (s)**   **Initial strength (dB)**   **Peak time (s)**   **Peak intensity (dB)**   **120s Echo intensity (dB)**   **Peak acceleration time (s)**   **Intensity increment (dB)**   **Enhancement rate (dB/s)**   **Extinction rate (dB/s)**
  ----------------------- -------------------- --------------------------- ------------------- ------------------------- ------------------------------ -------------------------------- ------------------------------ ----------------------------- ----------------------------
  Malignant tumor group   11.98 ± 2.95         8.35 ± 6.03                 30.22 ± 9.65        39.27 ± 6.32              27.33 ± 17.86                  17.94 ± 4.64                     30.99 ± 6.67                   2.24 ± 0.21                   0.08 ± 0.07
  Benign tumor group      13.01 ± 3.92         6.57 ± 5.66                 33.33 ± 11.96       37.77 ± 7.30              32.01 ± 11.96                  20.10 ± 10.32                    31.22 ± 7.12                   2.01 ± 0.31                   0.06 ± 0.06
  *t*-value               -1.532               1.463                       -1.456              1.101                     -1.396                         -1.533                           -0.164                         2.589                         1.449
  *P* value               0.128                0.146                       0.148               0.273                     0.166                          0.128                            0.870                          0.011                         0.150

![Contrast-enhanced ultrasound TIC curves used to detect benign and malignant liver tumors. A: TIC curve for the detection of malignant liver tumors; B: TIC curve for the detection of benign liver tumors.](WJG-23-5602-g003){#F3}

Diagnostic accuracy of different combinations of SWV value, AFP content and enhancement rate
--------------------------------------------------------------------------------------------

SWV value, AFP content and enhancement rate were combined in the following different ways: SWV value + AFP content, SWV value + enhancement rate, AFP content + enhancement rate, and SWV value + AFP content + enhancement rate. Then, the ROC curves were constructed to calculate the AUCs. The AUCs of SWV value alone, AFP content alone, enhancement rate alone, SWV value + AFP content, SWV value + enhancement rate, AFP content + enhancement rate and SWV value + AFP content + enhancement rate were 85.1%, 72.1%, 74.5%, 88.3%, 90.4%, 82.0% and 92.3%, respectively. Taking the maximum value of the Youden index, SWV = 1.60 m/s, AFP = 18.68 ng/mL, and enhancement rate = 2.21 dB/s were determined as the best cut-off values for the diagnosis of benign and malignant liver lesions (Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}). When the cut-off value for the regression coefficient of the SWV value, AFP content and enhancement rate was 0.8711451, it was found that 23 cases were false-negative lesions, which included 11 cases of liver metastases derived from the digestive tract and 12 cases of hepatocellular carcinoma; and there were no false-positive lesions.

![Comparison of the receiver operating characteristic curves of shear wave velocity, alpha-fetoprotein and enhancement rate for the identification of benign and malignant liver tumors.](WJG-23-5602-g004){#F4}

![Comparison of the receiver operating characteristic curves of the combination of shear wave velocity value, alpha-fetoprotein content and enhancement rate for identifying benign and malignant liver tumors. SA = SWV value + AFP content; SZ = SWV value + enhancement rate; AZ = AFP content + enhancement rate; SAZ = SWV value + AFP content + enhancement rate.](WJG-23-5602-g005){#F5}

DISCUSSION
==========

Pathological examination is the gold standard for diagnosing liver lesions. However, patient acceptance is low due to the invasiveness of the examination. Furthermore, pathological examination cannot be routinely used for screening of benign and malignant liver lesions. Serological indicators and CEUS are commonly used noninvasive examinations in clinical practice. However, serological indicators alone have a low sensitivity and specificity, and the CEUS examination process is complex and requires some skills\[[@B18]-[@B21]\]. ARFI imaging is simple and can quantitatively reflect changes in tissue hardness. Studies have shown that ARFI can be used to diagnose benign and malignant liver tumors, but it is easily affected by bile ducts and large blood vessels\[[@B22]-[@B29]\]. Thus, each of these three types of detection methods has its own advantages and disadvantages. Since the combined diagnosis has been widely used for other diseases at present, we hypothesized that the combination of these three kinds of examinations might have better accuracy in identifying benign and malignant liver lesions. Therefore, we constructed ROC curves to compare the diagnostic efficacy of ARFI imaging, serological indexes and CEUS, alone or in different combinations, in the present study.

Comparison of ARFI, serological parameters, CEUS indicators between malignant and benign tumor groups
-----------------------------------------------------------------------------------------------------

Our results revealed that SWV value, AFP content and CEUS enhancement rate were significantly higher in the malignant tumor group than in the benign tumor group, suggesting that the use of these parameters is feasible for the differential diagnosis of benign and malignant liver lesions. Increased SWV value may indicate increased tumor hardness. This may be due to the richness of the liver cancer substance in tumor cells that sustains growth and promotes the invasion of capillaries, and the chaotic arrangement of tissues that show invasive growth. Hence, activity in the surrounding tissue is limited, because the hardness of malignant liver tumors is greater than that of benign liver tumors. Elevated AFP content may be due to malignant liver cells, in which the AFP gene is re-expressed and AFP is released to blood. CEUS enhancement rate represents the rich blood supply of the tumor, because the number of microvessels per unit volume of malignant tumors is more than that of benign tumors, and the unit time into the malignant tumor contrast agent also increases. Hence, the enhancement rate is higher\[[@B3],[@B4],[@B30]-[@B42]\]. The difference in AFP and CEUS enhancement rate between benign and malignant liver tumors can be expected, and the difference in SWV value between the two groups suggests that ARFI can also be used for the analysis of benign and malignant liver lesions.

Diagnostic accuracy of SWV value, AFP content and enhancement rate, alone or in different combinations, in distinguishing between malignant and benign tumors
-------------------------------------------------------------------------------------------------------------------------------------------------------------

The results of this study showed that the AUC of SWV value was slightly higher than that of CEUS enhancement rate and significantly higher than that of AFP content. This finding suggests that the diagnostic value of ARFI is higher than that of CEUS enhancement rate and AFP content and the diagnostic value of ARFI is higher than that of AFP. This might be because the change in the texture of liver lesions is more sensitive than that of AFP content. The diagnostic value of CEUS is less than that of ARFI, and the reason may be that CEUS reflects the hemodynamics of liver lesions, while ARFI reflects changes in tissue hardness. Tissue hardness reflects not only the vascular composition of tissue, but also the interstitial fiber composition of tissue, cell arrangement and other factors. Hence, compared to CEUS, ARFI is more comprehensive and intuitive.

The results of this study showed that the diagnostic accuracy of combined SWV value, AFP content and enhancement rate was slightly higher than that of SWV value plus AFP content and SWV value plus enhancement rate, and significantly higher than that of AFP content plus enhancement rate and any one of the three parameters. When the cut-off value for the regression coefficient of the SWV value, AFP content and enhancement rate was 0.8711451, the best diagnostic performance was achieved. With this cut-off value, the results of this study revealed that nine cases of hepatocellular carcinoma were false-negative lesions, which may have been transformed through liver cirrhosis to stage I liver cancer, in which the tumor composition was less obvious. Furthermore, SWV value and AFP content were low, which may be related to the partial necrosis in the tumor component. These led to the low SWV value, AFP content and enhancement rate regression coefficient, and then the false negative results were obtained. Meanwhile, studies have shown that the stiffness of hepatocellular carcinoma and cholangiocarcinoma is greater than that of liver metastases. Furthermore, metastatic carcinoma derived from the digestive tract has lower hardness, and AFP content is lower than the content of liver parenchyma. This led to low SWV value, AFP content and enhancement rate of regression coefficient, and then false negative results were obtained\[[@B43]-[@B51]\].

The results of this study were based on data from a small sample and did not cover all types of malignant and benign liver tumors. Therefore, the results of this study should be explained with caution, especially in clinical settings. However, the clinical pathological types of liver lesions studied in this study are common and have certain representative significance. Multi-center studies with a larger sample should be performed to verify our findings.

In summary, the diagnostic performance of combined ARFI, AFP and contrast-enhanced ultrasound in distinguishing between benign and malignant liver lesions was higher than the use of any single parameter or the combination of any two of parameters. It is expected that this would provide a tool for the differential diagnosis of benign and malignant liver lesions.

COMMENTS
========

Background
----------

The gold standard for identifying benign and malignant liver lesions is pathological diagnosis. However, due to its invasiveness, the presence of infection, bleeding and other risks, pathological examination may cause body damage. Hence, pathological examination is only suitable for patients with suspected liver malignancy. In addition, pathological diagnosis has many contraindications and is applicable in only a narrow range of patients. Thus, it is difficult to implement pathological diagnosis as a routine examination.

Research frontiers
------------------

Serological indicators and contrast-enhanced ultrasound (CEUS) are noninvasive routine examinations for both benign and malignant liver lesions. Serological indicators alone have a low specificity and sensitivity. CEUS is a well-established examination method; however, it is relatively complex to operate and has high technical requirements, and some patients cannot tolerate the contrast agent. Acoustic radiation force impulse (ARFI) imaging is simple to operate, has high patient acceptance, and can quantitatively reflect the change in tissue hardness; however, it is easily affected by bile ducts and large blood vessels. The diagnostic value of the combined of ARFI imaging, serological indicators, and CEUS remains unclear.

Innovations and breakthroughs
-----------------------------

Although ARFI imaging, serological indexes and CEUS have certain value in identifying benign and malignant lesions, each has its limitations. At present, the diagnostic accuracy of the combination of these three kinds of examinations in identifying benign and malignant liver lesions remains unknown, although the combined diagnosis has been widely used for other diseases. The results of this study showed that the diagnostic performance of combined ARFI, serum alpha-fetoprotein (AFP) and contrast-enhanced ultrasound in distinguishing between benign and malignant liver lesions was higher than the use of any single parameter or the combination of any two of parameters.

Applications
------------

It is expected that the combination of ARFI imaging, serological indicators and CEUS would provide a tool for the differential diagnosis of benign and malignant liver lesions.

Peer-review
-----------

The combination of acoustic radiation force impulse imaging, serological indicators, and contrast-enhanced ultrasound has high accuracy in identifying benign and malignant liver lesions. This result should be confirmed by large multi-center studies, in order to better promote its clinical use.
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